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Public health risks associated with Enteroaggregative
Escherichia coli (EAEC) as a food-borne pathogen
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2011 - German outbreak E. coli 0104:H4: QPLOS |0
4000 human cases 850 HUS 50 deaths
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Natural reservoir

Routes of transmission:

Foodborne - Primary contamination of meat and milk
Environmental contamination
Waterborne: Drinking and recreational water

Direct contact with infected animals



:_JQ?EP\IO'JQ‘

Uropathogenic E. coli (UPEC) 9 (s

: N—

S
A
{f/\/vg O

Table 1
Virulence genes encoding siderophores, toxins, adhesins, and protectins/serum resistance in UPEC.
Descriptions Virulence gene  Furctions References
5 (s
% Toxins
% Cytataxic necrotizing factor cnf Invalving in cells necrosis
i%‘ .%;“ Hemalysin A hlyA Cell lysis, induring of pore in membrane of host eell
2 2 Vacuolating autotransportes toxin~— vt Inducing vacualization in host cell
3 3 Secreted autotransporter toxin sat Inducing cytotoxic effects on cells vacuolization
% 3 £ Serine protease aulotrarsporter pic ing the cell itating colanization epithelium, degrading murins
s g ® Cytolethal distending toxin cdt Cytalethal factor, human cell apeptotic factar
% g & Calibactin et PK-NRP compoaunds including DNA damage resulting apoptosis, and premature
%2 3 3 cellular destruction in epithelial cells
;i & Shigella enterotoxin.1 el Invasion, inflammation
L g 2 Arginine suecinyltransferase st Invasion, cytotoxin, inflammation
E 8 Tl /interteukin receptor domain tpC Eacterial survival, human avoidance system, eytopathic effect on kidney
s containing protein {Tep)
Comtact-dependent grawth cdiAB Grawth inhilition of the bacterial taget Hiayes et al., 2014
inhibition

Protectins,serum resistance

Outer membrane protein Omp Enabling intracellular survival, parin
Serum resistance proteins ss, traT Neutralization of anti-bactericidal effect of serum
o-serine deaminase dsdCXA Excite growth of bacteria using o-serine as carban, and energy source, and inhibit the

bewcterinstatic activity of o-serine in the urine.

i 208 S.A:':" Capsule s The K1 pulyﬂ:_:h]a:éﬂ:. a linear a2 S—Li::ad sialic acid _hmu:pul}'u;::_r];m avery
B e m“mm‘w as wedl as in ages
o AN C fimbriae:
Rocoon, F1C
autotransport Iron acquisition Systems
Uropathogenic SIABCD @A BCD Transparting M, Fe
CFTO73 2 i s ChuA, Hima chu, hma Enabling utilization of iron from hemoglobin in the host systems
L b4 s :":mg:gs: POIC; 3 tRNAS Salmochelin imA gene Asi 2 modified form of i
Y080 prophage 4 #lphoQ chister A siderophore receptor, utilizing Fe jons derfved from the host bodies
i ate14 gip, ol
"on ABC 1, "“"’bdedbu,,,,a - . . - P
NSportey N Aerabactin e, ner A siderophare, acquiring of Fe?* /7 in the host systems
Yersiniabactin ¥t A high iron affinity siderophare, secreted alongside enterobactin
Enterabactin ent, fepA A catecholate siderophare, highes iran affinity compared 1o aerobactin UPEC
enlonization in the urinary tract with restricted iron
IreA ireA Iron regulated siderophore receptors involve in UTIS
Adhesing
Antigend3 agndJifiu) A sutotrarsporter protein, biofilm as well as adhesion develapment
Curli fiber gene Curli fiber (e, Pramating pathogenicity and enabling biofilm production
csgAB)
g Tha iha Fe-regulated homolog adhesion
FIC fimbriae fue Adhesion to endothelial cells of kidneys and bladder, and epithelial esll of renal
o § fimbriae sfa Facilitating the penetration of bactersa into tissues, Adbesion to lower urinary tmct,
& kidney cells along with cells of intestinal epithelial
P Fmbrize pap Stimulating the cytokines formation via T lymphocytes, colonization agent in extra-
intestinal infiction
Dr fimbriae dra Mediating internalization bacteria to the host cell, binding to the DAF receptor an the
cells of surface epithelial
Afimbrial adbesin afn Binding to the DAF receptor on the surface epithelial cells, bemagglutination capacity
Type 1 fimbriae Fim As colonization Factor in extra-intestinal infection, biofilm production
Type 3 fimbriae mrk As colonization factor, mostly in catheter ssociated UTIS, biofilm formation
c Biofilm formation, mostly prelonephritis

£

§ 1 F9 fimbriae
]
¥

Auf fimbriae auf Biofilm formation
RTX protein TosA tosA Adhesion to upper urinary tract epithelial cells, enbances survival in disseminated
3 infections
§ Hemagghstinin Hek/hra Promaote autoagglutination, hemagglutination, epithelial cell invasion

The common From: F. Firoozeh et al, 2022
source of UPEC is the host's own intestinal flora
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Genomic Surveillance of STEC in Italy s
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Isolation of STEC strains at ISS (NRL for E. coli) or delivery
to ISS of STEC isolates

4

4 g Sequecing at ISS and upload in the ISS webplatform A

Upload of STEC sequence from regional centres
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STEC strains characterization and comparison with ﬁr
isolates from different sources
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Knjin A. et al. Frontiers in Public Health, 2023
Phantastic Pipeline:

v Serotyping cgMLST analysis among strains of the same serogroup -

v' MLST-7 genes — In case of cluster identification: Inmediate report to
v Virulotyping concerned IRIDA-ARIES users and a report describing the
v’ Stx genes subtyping cluster is prepared for further assessment
v' cgMLST
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97\ 2 | In February 2024 a genomic cluster of 0174 STEC strains was 67 (>
% & identified LSS/
Cluster 394

Consisting in 4 STEC strains stx1 stx2 from:
v Bovine faeces (ED1796, ED1798)
v" Cheese samples (ED1802, ED1803)

Isolated from two Vet Institutes in one region in the same period

Looking further in our STEC genomes collection:
33 STEC strains belonging to 0174 serogroup
13 from humans

20 from non-human source

Isolated in the time span 1998-2024



Distribution of 0174 strains per source

Human (unknown), 8

Number of strains per sources

Food (unknown), 7

Animal (bovine), 4
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Human (HUS), 4

Food (cheese), 5

Food (bovine
meat), 2

Animal (deer),
1

Human (BD), 1

Unknown, 1
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Stx-subtypes

Human (unknown)
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mstxla stx2a mstxla stx2a* stx2c* stx2d* mstx1c mstxicstx2c mstx2a mstx2b msix2b* stx2c* stx2d* mstx2c  mstx2c stx2d
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cdt: one strain (food)

sen: 5 strains (4 from humans and 1 from deer)
ompT: 16 strains (4 from humans -1 HUS, 7 from food, 5 animals)

AstA: 3 strains (food)

iss: 32 strains (only missing in one strain from bovine meat)
traT: 31 strains (missing in two strains from humans)
iha: 33 strains

papC: 17 strains (2 strains from HUS, 1 from BD, 3 from humans, 3 from cheese, 4
food, 4 from bovine animals)

afa: 1 strain (non human)

hra: 20 strains (1 from HUS, 1 from BD, 3 from humans, 3 from cheese, 5 food-
including 1 from bovine meat, 4 from bovine animals, 1 deer)

ehxA: 23 strains subA: 11 strains tia: 16 strains  IpfA: 16 strains
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cgMLST analysis

AN

N—

@ Food Unk [7]

(O Human Unk [7]
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@ Human Diarrhea [1]




QEP\.IO
2 ) F\

cgMLST analysis S (

Y, Nys O

)
£

Anno

@ 2023[10]
O 2017 4]
@ 20153]
O 20183]
@ 2021 3]
O 20223]
@ 2016 2]
O 199811]
@ 2014 (1]
O 20191]

~ E /’/@\:\_.
o« %- -
@)

25 years time span




QERIO
VRO, /(,Q?\

o 2 .
- SNPs analysis (core genome) (1
gy <Y \_/

o4 - 220492 B4 CA IZSLER 2018
L ED1731 2023
= Episos 2021
EDM505 2021
* 1L entoes 2016
" | ep1sot 2022
“ | en1gaa vt 2023
* ! en1220 2017
" ep1ass 2023
r. 2023
ED1654
il P 2017
e L Epasnd 2023
2017
. ED1203
] = |ED1203 2 i
ED1365 2019
ED1025 ] 2015
] ED1186 2016
ED0146 1998
2015
EDi042
ED1B0S 2023
o 2016
ED1113 2022
ED1583 H2
2021
ED1515
Y 2023
ED1a02 2023
ED1803 2023
ED1796 2023
ED1798
Reference 1
EDi250 ] 2017
IED1255 2017
8] — 220492 19 Ca 1ZSLER " 2022
M EDtans 2018
az | ED1257 2018
= | ED1261 ] 2018




WERIOk,
o ) 70 (N
2N & Concluding remarks ?f)SANVf}
g —

STEC 0174 strains isolated in a time-span 30 years in Italy and seem to be
persistent (at least H2)

STEC 0174 strains isolated from different sources, including severe disease and food

Different stx gene subtypes

They possess mosaic virulotypes

Three philogenetically related populations can be identified, each one consisting of strains
possessing the same fliC

All the three groups contain strains from different origin

N g

Zoonotic origin
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Year

O-group

H-type

Virulotype

cba, ehxa, espp, gad, hra, iha, iss, Ipfa, ompt, papc,

ED0146 Animal (bovine) 1998 0174 H2 ST661 stxla stx2a saa, stxla, stxlb, stx2a, stx2b, terc, trat
cea, ehxa, espp, gad, hra, iha, iss, Ipfa, papc, saa,
ED1025 Animal (bovine) 2015 0174 H2 ST661 stxla stx2a stxla, stx1b, stx2a, stx2b, terc, trat
celb, ehxa, espp, gad, hra, iha, iss, Ipfa, papc, saa,
ED1042 Human (unknown) 2015 0174 H2 ST661 | stxlastx2a* stx2c* stx2d* stxla, stxlb, stx2a, stx2b, terc, trat
asta, gad, hra, iha, iss, Ipfa, stx2a, stx2b,
ED1096 Food (unknown) 2016 0174 H21 ST677 | stxlastx2a* stx2c* stx2d* terc, trat
ehxa, espp, gad, hra, iha, iss, Ipfa, papc, saa,
ED1113 Human (HUS) 2016 0174 H2 ST661 stxla stx2a stx1a, stx1b, stx2a, stx2b, terc, trat
celb, ehxa, espp, gad, hra, iha, iss, Ipfa, papc,
ED1166 Human (BD) 2016 0174 H2 ST661 stxla stx2a saa, stx1a, stx1b, stx2b, terc, trat
espi, gad, iha, iss, Ipfa, ompt, papc, stx2b,
ED1170 Human (unknown) 2017 0174 H21 ST677 stx2c terc, tia
gad, hra, iha, irea, Ipfa, stx1a, stx1b, stx2a,
ED1203 Food (bovine meat) 2017 0174 H21 ST442 stx1c stx2c stx2b, terc, trat
cea, ehxa, espi, espp, gad, iha, iss, Ipfa, papc,
ED1229 Human (HUS) 2017 0174 H21 ST677 stx2c saa, stx2a, stx2b, suba, terg, tia, trat
cba, cea, cia, cma, ehxa, espi, gad, iha, irea, iss,
ED1250 Human (Unknown) 2017 0174 H8 ST13 StXZb Ipfa, senb, stx2a, stx2b, suba, terg, tia, trat 173
cba, cea, celb, cia, cma, ehxa, espi, gad, iha,
irea, iss, Ipfa, senb, stx2a, stx2b, suba, terc,
ED1255 Human (unknown) 2017 0174 H8 ST13 stx2b tia, trat
cba, cea, celb, cia, cma, ehxa, espi, gad, iha,
irea, iss, Ipfa, senb, stx2a, stx2b, suba, terc,
ED1257 Human (unknown) 2018 0174 H8 ST13 stx2b tia, trat
cba, cea, cia, cma, ehxa, espi, gad, iha, irea,
iss, Ipfa, ompt, senb, stx2a, stx2b, suba, terc,
ED1261 Human (unknown) 2018 0174 H8 ST13 stx2b tia, trat 173
cba, cea, cia, cma, ehxa, espi, gad, hra, iha, irea,
ED1408 Animal (deer) 2018 0174 H8 ST13 StXZb iss, Ipfa, ompt, senb, stx2a, stx2b, terc, tia, trat
gad, hra, iha, iss, Ipfa, stx2a, stx2b, terc, tia,
220492-64_CA_IZSLER Human (unknown) 2018 0174 H21 | ST677 stx2c stx2d trat
cdtb, cea, celb, cia, cib, cvac, ehxa, epea,
espp, gad, iha, iss, Ipfa, ompt, saa, stxla,
ED1365 Food (bovine meat) 2019 0174 H28 ST? stxla stx2a stx1b, stx2a, stx2b, suba, terc, trat
ehxa, espp, gad, hra, iha, iss, Ipfa, papc, saa,
ED1515 Food (unknown) 2021 0174 H2 ST661 stxla stx2a stx1a, stx1b, stx2a, stx2b, terc, trat
asta, gad, hra, iha, iss, Ipfa, stx2a, stx2b,
ED1506 Food (unknown) 2021 0174 H21 ST677 stx2c stx2d ter, tia, trat 58
asta, gad, hra, iha, iss, Ipfa, stx2a, stx2b,
ED1505 Food (unknown) 2021 0174 H21 ST677 stx2c stx2d ter, tia, trat 58
celb, espi, gad, iha, irea, iss, Ipfa, ompt,
220492-19_CA_IZSLER Human (unknown) 2022 0174 H8 ST13 stx1c stx1a, stx1b, suba, terc, tia
ceq, cia, cib, epea, espi, gad, iha, iss, Ipfa, ompt,
ED1601 Human (HUS) 2022 0174 H21 ST677 stx2c stx2a, stx2b, ter, tia, trat
ehxa, espp, gad, hra, iha, iss, Ipfa, papc, saa, stxla,
ED1583 Human (unknown) 2022 0174 H2 ST661 stxla stx2a stx1b, stx2a, stx2b, terc, trat
ehxa, espi, espp, gad, iha, iss, Ipfa, ompt,
ED1644 Food (unknown) 2023 0174 H21 ST677 stx2c stx2d papc, saa, stx2a, stx2b, suba, terc, tia, trat
ehxa, espi, espp, gad, iha, iss, Ipfa, papc, saa,
ED1654 Food (unknown) 2023 0174 H21 ST677 stx2c stx2d ctx2a <tx2b <uba terc tia trat
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